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Three technical papers, presented with the approval of Air Force
Cambxrldge Research Center at meetinga of the American Astironomical
Soclety, summarize the salient results of the project work to date,
Among these results are:

(1) for & 17.5 cirvular-second section ot blue sky,

(2)

(W)

the upper limit of sky noise above shot nolse
can be set at less then 0.005 per cent sine
wave modulation per unit bandwidth;

the relative effects of zenith distance and
time of day on per ceni scintillstion of stars
in the daytime have been isolated;

daytime scintillation of stars (as contrasted
to image steadiness) is not markedly different
from nighttime scintillation; and

the #cintillation«frequency curves for both
day and night show charsacteristic "humps"

at 10-20 cps which are strong indications of
hidden periodicities in stellar scintillation.
Mikesell at the Naval Observatory hes also
observed such "humps' 4in his nighttime ob-
servations (private communication).

Theoretical work (Xeller) has resulted in a general mathematical
theory of astronomical seeing (in press, Astronomical Journal). The
approach is thet of physical optics; it is found that horizontal layers
of atmospheric density inequalities may be regurded as & coarse dif-
fraction grating. Behavior of the stellar immge is treated for a
variety of conditions Iincluding the case of several vertically dis-
placed layers of atmospheric inhomogeneities. The dispersion of these
atmospheric *gratings" and their effect on an incoming beam of
starlight are calculated.




n

PERSONNEL AND ADMINISTRATION

There were no changes 1p personnel and none in administration.

By the end of this report periocd all bvaeic equipmeat hed been
received. One item, a megnetic tape recorder, necessary tc the proper
progreas of the work, arrived after a delay of meny months.

Facilities at the University are adequate, enough space is available
for the prosecution of the work, and the telescope and accessories are
14 pooa condition.

COMMUNICATIONS

Three papers were presented by members of the staff of this project
at the Amherst meetings of the Awerican Astronomical Soclety, in
December 1952. The papcrs contained the salient scientific results
of the project work to date. The titles were: "Wariations in the
Daytime Scintillation of Stars" by Roger Hosfeld*, "Periodicities in
Daytime Btellar 8cintillation" by William M. Protherve¥®, and "0On the
Theory of Astronomical Seeing' by Geoffrey Keller.

Exchange of information with Dr. Hall and asscclates at the U.S.
Raval Cbgervetory has been continued. In November Dr. Hynek visited
the Naval Observatory for a discussion of our wdtual problems.

Dr. Hall, Dr. Mikesell and Mr. Hoag demonstrated their captive balloon
technique of making scintillation measurements on & point source
carried aloft by the bulloon. Bxperiments so far by Dr. Hall and his
associates seem to indicate that scintillation is a high level phe-
nomenon and does not occur close to the telescope. Qur scintillation
rrequency measures, described below, lead to the same conclusion in

an independent way.

#* Resumes of these papers are given under the heading "OQbservational®
beginning on page 4 of thie report.




STATENENT OF THE PROBLEM
ARD METHOD OF ATTACK

The chlef problem under inveatigation is, of course, the wanner
of the scintillation of stars in the daytime, both as a basic astro-
nomical phenomenon and as a possible probe of upper atmospheric
conditions.

Equipment has been devised and assembled to record such scintil-
lations and to study their frequency distribution.

The methods used by the two principal observational investigators,
Mr. Hosfeld and Mr. Protheroe, in obtaining and reducing the ob-
servations have been. described in previous reports, particularly
Report No. 4. Tt will suffice here to summsrize very briefly.
Mr. Hosfeld records the sub-audio frequency scintillations (0-10 cps),
obtains the "per cent scintillation” of a deytime star, and separates
the primary variavles contributing to the over-all scintillation.
(Scintillation here is strictly defined as the variation in intensity
of the starlight arriving at the telescope objective and is considered
apart from "ateadiness' or "sharpness' of image and other items which
are often covered by the loose term "astronomical seeing.") Mr. Protherce,
on the other hand, 18 concerned with the harmonic anslysis of daytime
stellar scintillation and employs appropriate electronic equipment.

Dr. Keller, of the Perkins Qbservatory, is the chief theouretical
investigator on the project and has concerned himself with the basic
theory of astronomical seeiny. His first paper 1s now in press
(The Astronomical Journal) and 1s being issued as a separate technical
report on this project. He 18 curreuntly at work on an extension of
the theory to cover the problem of scintillation specifically.

: BUMMARY OF 3IGNIFICANT RESULTS
L OBTAIRED DURING REPORT PERIOD

THEQRETIC

Dr. Keller has treated the passage of starlight through the
atmosphere of the earth from the standpoint of physical optics. If
: there exists a horizontal layer in the atmosphere composed of
1.k successive density ilnegualities; it is shown that this layer can be '
treated as a coarse diffraction grating. 8ince the atmospheric
inequsliities are slight, the angular spread of an incoming stellar
bear will be smell--of the order of the observed angular diamecter of
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the tre=or disc of a star. Keller predicts that, under good ¥ meeing™
conditions, the zero order should be visible as an exiremely sharp
nucleus. This appears Lo be borne out by observations, recently come
to our attention, by astronomers using very large reflecting telescopes.

Dr. Keller treats the case uf unequal variations within one
atmospheric layer ac well as that of several superposed similar layers.
The distribution of 1light in the final star immge is predicted for
various turbuient layers aloft.

The Keller theory, extended, suggests that the use of properly
oriented rectangular apertures, rathsr than the usual circular ones
represented by the typical telescope of jective, should in the idesl
case result in the vanishing of certain frequency compoments in the ob-
served flicker of starlight.

It may be that the rise or "huep" in the scintillation-frequency
curve found by Mr. Protheroe, described below, constitutes experimental
evidence of the idesl prediction of the theory. Mr. Protheroe plans
to use rectangular aperturces vhich, theory predicts, should result in
Buch more pronocunced "humpse'' in the scintillation-frequency curve.

OBSERVATIONAL

During the repurt period M. Hosfeld continued ais observation and
reduction of sube-audio frequency scintillation messures. To illustrate
the apprcach used by Mr. Hosfeld, consider Figure 1 which is a trace of
Capella observed in the daytime (1 P.M., August 24, 1952). fThe zero
level 13 at 10 units and the sky is the steady trace at 60 units. The
star increases the deflection by about I units and the scintillation
is represented by the band (purposely adjusted to be one unit wide) at
the top of the star trace. The per cent scintillation is takern as
the width of the bend divided by the mean deflection of the star -- in
this casze about 25 per cent.

Figure 2 shows a plot of several days of observatioms of Arcturus,
per cent scintillation plotted against time of day.

Obviously the observed curve also contains the effecte on scintil-
lation of the changing zenith distance of Arcturus. Observations of
several stars throughout the day allow this variable to be lsolated.
Figure 3 shows the relative scintillation at constant genith distances
throughout the day. The data were obtained from observations of
8irius, Capella, Rigel, Arcturus and Vega.

Finally, in Pigure 4, the relative effects of zerith disiance
and {ime of day are presented. The average effect of incrseasing
zenith digt&nce is an Increase in scintillation by the factor
(sec 2)1°%. The values ir Figure i are relative; the minimua value
of scintillation at the zenith at twilight is taken as unity. When
Z > b5® the zenith distance Pactor is more effective in increasing
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scintillation than 1s the time of day. For a given day, with a given
alr wass over the place of observation, it 1s therefore possible to
predict the relative changes in scintillation of a given star through-
out the day.

Mr. Protheroe has continued his measures of the harwmonic content
of stellar gcintillations, using the instrumentation and reduction
technique degseribed in Beport No. 4. Opc primary objectlve ilu this
phase of the work has been to compare daytime with nighttime scintil-
lation in view of the bearing this has on the question of whether
sxintillation is a low level or high level phenomanon in the atmosphere.,

One deteailed comparison between the two was msde on November 11,
1952 (Figure 5). Curve A represents the average noise spectrum of Vega
during the day and curves B and ¢ those of y Triangulil that night, at
two different zenith distances, B greater than and C less than for A,
respectively.

No atriking differences Letween night and day scintillation appear
to be present in this one instance (except perhaps at very low
frequencies). 'This s in essential agrecment with previously described
changes, which were relatively small, in per ¢ent scintillation during
the course of the day. Auxiliary visuasl observations showed that
image movement, or "daancing,'' was counsiderably greater than at night.
Ko quantitative measures have been obtained as yet, however. If these
qualltative estimates are borume out, 1% will be strong evidence that
scintilliation and image steadiness are independent. It appears
probable that imsge unsteadiness 1s caused by local heating effeets of
insolation whil scintillation may be less dependent on solar heating.

Daytime scintillation measures were made on every clear day from
October 21 to November 13, a period of favorable weather.

Figure 6 shows four representative scintillation curves for Vega
taken st approximately the same zenith distance. The smooth fall of
the curve with higher frequencies 1s broken by a "hump" in the region
of 10-20 cps. This may indlcate a hidden perlodicity at these
frequencies. Similar "humps™ have been found by Dr. Mikesell of the
U.S. Naval Observatory for night cbservations (private communication).

Owing to the wanner In which the observed frequencies have been
chosen, the detalled structure of the "humps" i1s lost; likewige 1t
i8 not possible, in general, to detect similar features 1f pressnt
at higher frequencies. It is anticipated that the reguired higher
resolution can be obtalned after recordings are made on a magnetic
tape recorder which will allow, say, a five-minute scimtillation
signal to be '' played back® at will and meagures made under constant
conditions at 48 many polnts on the curve as desired.




6

Figure 7 1llustrates the effect of zerith distance upon the position
and character of the "hump'. It appears to be a characteristic effect.

It is tempting to speculate that the *hump' of the scintillation-
frequency curve iz a function of the turbulence spectrum of the dis-
turbing medium, the apparent velocity of such turbulence structure
across the line of sight, and the telescope apertuge)  Clearly, further

e observational and theoretical work is indicated.

During the present report period it has heen determined that for
a 17.5 circular-second section of blue sky, the scintillation ls less
than 0.01 per cent in the frequency range 2.5 to 64O cps, for all days
on which stellar measures were mede. Furthermore, there is & positive
and negative scatter (negative indicates an apparent excess of noise
from the atandard dc lamp over the sky noise); when this acetter is
taken into account, the upper limit of sky noise adbove shot nolse can
be set at less than 0.005 per cent sine wave modulation per unit band-
width. The scatter i1s experimental and results primarily from the
difficulty in matching the dc level of the standard nois: source with
that of the open sky.

FUTURE WORK

It is anticipated that weather conditions during the winter in
Columbus will permit relatively few operations. Extensive calibration
runs with the wmagnetic tape recorder will be made in preparation for
spripng skies and reducticu of previous observaticons wlll be completed.
Mr. Hosfeld will give some attention to the problem of the independe-:e
of scintillation and imsge steadiness and also to the problem of sk,
background intensities. In addition, Mr. Protherov will conduct
experiments with rectanguler apertures.

NOTE: In submitting this report it is understood that al’ provisions of the contract bevween Tie Fennga
tion and the Ceoperator and pertzining to pubiicity of rubgect madter wali be rigiciy cbserved.
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DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)

MAR 15 2000

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER (DTIC)
ATTN: DTIC-RS
8725 John J. Kingsman Road, STE 0944
Fort Belvoir, VA 22060-6218

FROM: AFRL/VSIM
29 Randolph Road
Hanscom AFB MA 01731-3010

SUBJECT: Distribution Statement Change
1. The following documents have been reviewed and it has been determined that the distribution statement

is no longer appropriate. The documents are Progress Reports 1 through 8 under Contract No. AF19(604)-
41, Ohio State University Research Foundation, Columbus, OH.

a. Document No.: AD 000014
Title: Fluctuations of Starlight and Skylight
Date: 15 Mar 1952
Classification: Unclassified

c¢. Document No.: AD 000066
Title: Fluctuations of Starlight and Skylight
Date: 25 Jul 1952
Classification: Unclassified

d. Document No.: AD 005282
Title: Fluctuations of Starlight and Skylight
Date: 1 Nov 1952
Classification: Unclassified

e. Document No.: AD 010919
Title: Fluctuations of Starlight and Skylight
Date: 24 Feb 1953
Classification: Unclassified

f. Document No.: AD 021921
Title: Fluctuations of Starlight and Skylight
Date: 15 May 1953
Classification: Unclassified

g. Document No.: AD 021922
Title: Fluctuations of Starlight and Skylight
Date: 25 Jul 1953
Classification: Unclassified



—

h. Document No.: AD027024
Title: Fluctuations of Starlight and Skylight
Date: 23 Nov 1953
Classification: Unclassified

2.  Request these documents be assigned Distribution “A” Statement. These documents
have been reviewed and cleared for public release by ESC/PA.

3. This action is in response to FOIA 2000-33.

g

NOREEN DIMOND
STINFO OFFICER

8 Attachments:

Rpt #1 (cover) (ESC 00-0346)
Rpt #2 (cover) (ESC 00-0347)
Rpt #3 (cover) (ESC 00-0348)
Rpt #4 (cover) (ESC 00-0349)
Rpt #5 (cover) (ESC 00-0350)
Rpt #6 (cover) (ESC 00-0351)
Rpt #7 (cover) (ESC 00-0352)
Rpt #8 (cover) (ESC 00-0353)

PNANR W=

. AFRL/VSIL w/o atchs
AFRL/VSIP w/o atchs
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